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2,911,629
MAGNETIC STORAGE SYSTEMS

Hanns J. Wetzstein, Cochituate, and Zenard K. Kawecki,
Brighton, Mass.,. assignors: to Radio. Corporation of
America, a: corporation: of Delaware-

Application June 25, 1958,.Serial No. 744,484 :
11 Claims..  (CL 340—174):

This invention relates to storage systems, and par-
ticularly to magnetic storage systems for storing analog
information.

Automatic control systems. frequently receive, operate
on, and transmit analog information. The analog infor-
mation may be converted to digital type of information
for processing by a digital computer and then reconverted
back to the analog type. From time to time, it may be
necessary to store the amalog information, as by using
linear capacitors. One difficulty with linear capacitors is
that the stored information changes with time because
these capacitors have 2 finite leakage resistance. Various
expedients, such as mechanical switches. or additional
auxiliary equxpment are used. to lengthen the storage time.
In certain prior control systems, the information is stored
in digital form until needed because digitally stored in-
formation does not vary with time. However, these lat-
ter systems are expensive in equipment because a separate
digital storage means is required for each different unit
of analog information.

Magnetic cores of substantially rectangular hysteresis
loop material can. store information for an indefinitely
long time. These cores, however, are generally unsuitable
for storing information in analog form because their re-
sponse characteristics vary from core to core, and be-
cause the response characteristic of any one core is not a
linear function of the applied analog signal.

An object of the present invention is. to. provide im-
proved analog storage systems. using magnetic cores.

Another object of the invention is to provide improved
analog storage systems which can be operated at rela-
tively high speed and which have a relatively high de-
gree. of accuracy.

Still another object of the invention is to provide an im-
proved: anaLog storage system wherein the stored infor-
mation is retained for an indefinitely long time.

According to the. invention, the analog iriformation. is
stored in. multi-apertured cores. The stored information
can be continuously read-out without change, or destruc-
tion of, the stored information. A. feedback loop is ar-
ranged to sample the information: actually: stored in the
core. and to-compare. this. stored information with the ana-
log information desired to: be stored. The feedback loop
effectively forces the core to: assume a state. dictated by
the ihcoming. analog:information. Therefore, the ac-
curacy of the storage. is substantially independént of the
response characteristics. of the. core: itself and depends
only on the response characteristics of the feedback loop.
The. response characteristics. of the feedback loop. can
be accurately controlled; say to 1.%- or better. Thus, the
accuracy of the stored information:in the. present inven-
tion is higher than that of prior systems using: magnetic
core storage.

A feature of the invention is that the feedback loop
may be time shared among a plurality of separate storage
devices thereby reducing the aux1hary equlpment re-
quired. .

In the accompanying drawings:

Fig. 1 is a schematic diagram of an analog storage
system according to the invention;,
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Fig. 2 is a timing diagram useful in explaining the op-
eration-of the.system of Fig. 1;,

Fig. 3 is a schematic diagram of an embodiment of
the. invention using a single feedback loop with “n” ana-
log storage devices; and

Fig. 4 is. a schematic diagram of a compensating cir-
cuit which may be used with the storage systems of Figs.
i and 3 to obtain increased accuracy.

In the storage system. of Fig. 1, a comparator 10 has a
first input. 12. for receiving the analog signals desired to
be stored:and a second input for receiving a sampled feed-
back signal from. the memory 16. In certain process con-
trol applications, the information is at certain times in
digital form. as when. a digital- computer is used in operat-
ing on the information. In such case, the digital infor-
mation is. applied to the input 17 of a digital register 18
which may: be.a flip-flop storage register. The outputs of
the digital register 18. are applied to the inputs of a
digital-to-analog converter 20 and. are converted from
digital form. to analog form. The output of the con-
verter 20 is connected to the first input 12 of the com-
parator- 10. A suitable comparator for comparing the
analog information signals is a magnetic-modulator type
comparator described more fully hereinafter. The output
of the comparator 10 appearing on the output line 21 is
filtered im a selective filter circuit 22, amplified in an
ampliffer circuit 24, and applied to the input of a polarity
detector 26. The polarity detector 26 provides an out-
put signal on either one or the other of two output leads
28, 30 depending upon the polarity of the comparator 10
output signal. No output is produced by the polarity de-
tector 26 in. the absence of an: input signal from the
comparator 10. The polarity detector 26. output leads
28, 30 are connected via a switch 32 to a setting con-
trol source 34. The setting control source 34 applies a
signal on one or the other of its two output leads 36
and 38 corresponding to-the one or the other of the input
signals on the phase detector output leads 28 and 30.

The read-out signal of the memory 16, appearing on
its output lead 40; is applied to an input of a synchronous
detector- 42. The output signal of the synchronous de-
tector 42 is amplified- by an amplifier 44 and fed-back via
a feedback line 46: to the feedback input of the com-
parator 10:

A drive source 50 is used to apply drive pulses at ap-
propriate times: to- the: comparator 10, the memory 16,
the-polarity detector 26, and the synchronous détector 42.

The closed feedback loop, includes the comparator 19,
the polarity detector 26; the memory 16 and the syn-
chronous detector 42 and operates: as a-so-called sampled
data control system. These units of the feedback loop
are described: in more: detail' hereinafter. Each of the
other units: of the storage system, such. as the digital
register 18, the digital-to-analog converter 2§; the filter
circuit 22, the setting comtrol source 34, the amplifiers
24 and 44 and the drive source 50 are well known in the
art.

A pair of cores 52 and 54 of rectangular hysteresis loop
material are used in the: comparator 10 to compare the
analog signals. These analog signals are in the form. of
D.C. (direct current) signals, The incoming analog sig-
nal appearing on the input lead 12 is. connected in series
with- first control: windings 56, 58 on the cores 52 and
54, respectively, to a. common reference potential, in-
dicated. in the drawing by the conventional ground sym-
bol. The feedback signal: appearing on the feedback line
46 is connected in series with a pair of second control
windings 60;. 62 on: the cores 54 and 52, respectlvely, to
the common ground:.

The conventional: dot notatlon is used to indicate the
sense of linkage of the various. windings: to the cores 52,
54. Positive  (conventional) -current. flow into. the dot
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terminal of a winding produces or tends to produce a flux
change in the linked core. " This flux change induces a
voltage in each of the other windings linked to that core
in a direction to make the dot terminals of these windings
positive relative to.their non-dot terminals. The first
and second control windings 56 and 62 on the core 52 are
linked in mutvally opposite senses, as are the first and
second. control windings 58 and 60 on the second core
54. A pair of output windings 66 and 67 are linked to
the cores 52 and 54 respectively, and are connected in
series with each other in series-opposing relation between
the common ground and the output line 21 of the com-
parator 10. A pair of drive windings 68 and 70 are
linked to the cores 54 and 52, respectively, and are con-
nected in series-aiding relation with each other between
a first cutput 72 of the drive source 50 and the common
ground. A single-throw, single-pole sampling switch 74
is connected in series between the drive source 50 and
the drive windings 68 and 70.
In operation, in the absence of D.C. analog signals,
symmetrical flux changes are produced in the cores 52

and 54 by drive currents applied to the drive windings
" 68 and 78. Accordingly, the output voltages induced in
the output windings 67 and 66 are of equal amplitude
and of opposite polarity and effectively cancel each other.
The wave shape of the applied drive pulses contain only
odd harmonics of the fundamental. Square-wave drive
pulses are suitable. Accordingly, only odd harmonic
frequency signals are induced in the output windings 66
and 67 in the absence of D.C. signals applied to the con-
trol windings of the cores 52 and 54. If the incoming
and feedback signals are of different amplitudes, a net
bias'is applied to both the cores 54 and 52 with one core
being biased in one direction of magnetization, and the
other core being biased in the opposite direction. Ac-
cordingly, different amounts of flux change are produced
in the cores 54 and 52 when the drive signals are applied
to the drive windings 68 and 70. Thus a net output
signal representing an error signal is applied to the com-
parator output 21. Because of the D.C. bias, the output
* signal appearing on the comparator output line 21 con-
tains even harmonics of the fundamental of the drive
signal. If the analog signal applied to the input terminal
12 is greater in amplitude than the feedback signal applied
to the feedback input, the even order harmonic output
signals at the output lead 21 are in phase with the drive
signals applied to the drive windings. If, however, the
feedback signal is of lesser amplitude than the incoming
analog signal, the even order harmonic output signals at
the output lead 21 are 180° out of phase with the drive
signals. :

The filter circuit 22 may, for example, be a selective
band-pass filter having its pass band oriented at the sec-
ond harmonic of the comparator 10 drive signal, and
having strong rejection at the fundamental and third
harmonic of .the drive signal. The filter 22 also has a
high input impedance with respect to the comparator 10
output signals thereby preventing loading of the com-
parator cores 52 and 54.

The polarity of the output signal of the filter circuit
22 represents an error signal indicating whether the -am-
plitude of the input signal is greater than or less than
the amplitude of the feedback signal. The filter circuit
22 output is amplified in a linear amplifier unit 24.

The outpnt of the amplifier 24 is A.C. (alternating
current) coupled by means of a capacitor 80 to the pri-
mary winding 82 of a linear pulse transformer 84 of the
polarity detector 26. The secondary winding 86 of the
-pulse transformer 84 has a grounded mid-tap, and has
a pair of end terminals 88 and 90 connected respectively
to the base electrodes of a pair of gating transistors 92
and 94 of the PNP type. The collector electrode of
the transistor 92 is connected in series with a collector
resistor 98 to the negative terminal 100 of a supply
source E2. The collector electrode of the other transistor

10

4

94 is connected in series with a collector resistor 104 to
the negative terminal 106 of a supply source E1. The
positive terminals 102 and 108 of the supply sources E2
and E1 are connected to ground. The emitter electrodes
of both transistors 92 and 94 are both connected in series
with an emitter resistor 112 to a common gating junction
114. The gating junction 114 is clamped above and
below the ground reference potential by means of a pair
of ‘diode rectifiers 116 and 118. The rectifier 116 is
poled to pass a positive conventional current from the
gating junction 114 to ground. The rectifier 118 is poled
to pass a negative polarity current from the gating junc-

- tion 114 to ground. A bias source E3 applies a reference

15

20

30

bias to the rectifier 118 by means of a bias resistor 120
connected between the negative terminal of the supply
source E3 and the gating junction 114. Sampling pulses
from the drive source 50 are A.C. coupled by means of
a capacitor 122 and a resistor 124 to the gating junction
114, The polarity detector output leads 28 and 30 are
connected across the collector resistors 98 and 104, re-
spectively.

The particular arrangement of the memory 16 of Fig.
1 is described in a copending application, Serial No.
744,385, entitled. “Magnetic Storage System” and filed
concurrently ‘herewith by Edward Dinowitz. It will be
appreciated that other arrangements of multi-apertured
storage cores can be used in the present invention.

The memory 16 has a pair of multi-apertured cores
136, 132 of substantially rectangular hysteresis loop ma-
terial. . Each of the cores 130, 132 may be a transfluxor
core. A central aperture and a pair of smaller apertures

. on either side of the central aperture are located in each
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core to provide four legs of substantially equal cross-
sectional area. The first smaller apertures 134 and 135
of the cores 139 and 132 are used as setting apertures,
and the two other smaller apertures 136 and 137 in the
cores 130 and 132 are used as output apertures. The
cutput signals appearing on the first output lead 36 of
the setting control source 34 are used to “block” the
first transfluxor 138 and to “set” the second transfluxor
132, and vice versa for the setting control source output
signals appearing on the second output lead 38. A first
blocking winding 139 is linked through the central aper-
ture 140 of the first core 130 and is connected in series
to a first setting winding 141 wound on the middle leg
L2 of the second transfluxor 132. A second setting wind-
ing 142 wound on the middle leg L2 of the first trans-
fluxor 136 is connected in series with a second blocking
winding 143 threaded through the central aperture 144
of the second transfluxor 132. After linking the first and
second transfluxors 136, 132, the series-conmected control
windings are connected to the common ground. First
and second diive windings 146 and 147 are respectively
linked to the first and second transfluxor cores 136 and
132, through the output apertures 136 and 137.

The pair of drive windings 146 and 147 are connected
in series-aiding relationship with each other between the
third drive output line 148 of the drive source 50 and the
common ground. First and second output windings 149
and 15¢ are linked to the first and second transfluxor
cores 130 and 132 through the output apertures 136 and
137, respectively. The pair of output windings 149 and
150 are connected in series-opposing relationship between
the output line 40 of the transfluxor memory 16 and the
common ground. Thus, the drive and output windings
146 and 149 of the first core 130 are linked in opposite
senses, while the drive and output windings 147 and 150
of the second core 132 are linked in the same sense.

The memory output line 40 is connected to the collector
electrode of a first transistor 152 and the emitter elec-
trode of a second transistor 154 of the synchronous de-
tector 42. The base electrodes of both the pair of tran-
sistors 152 and 154 are connected in series with a voltage
divider to the negative terminal 159 of a bias source E4.
The pair of resistors 156 and 158 serve as a voltage di-
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vider. The positive terminal 160 of the source E4 is con-
nected to. ground. A fourth drive output line 161 of
the drive source 50 is connscted to a junction 157 be-
tween the voltage divider resistors 156 and 158. The
emitter electrode. of the first transistor 152 and the col=
lector electrode of the second transistor 154 are each
connected to the input of an RC filter cirevit 162. The
filter circuit 162 includes a series resistance 163 and a
pair of capacitors 164, 165 each connecting one extreme
terminal of the resistor 163 to ground. The output of the
filter circuit 162 is applied to a linear output amplifier
44 used to apply a feedback signal to the feedback line
46, and to apply an analog output signal to a utilization
device 45. The output amplifier 44 may be any suitable
tinear amplifier such as a grounded-emitter transistor
amplifier.

The timing diagram of Fig. 2 is used in explaining the
operation of the system of Fig. 1. The various wave-
forms of lines a, b, ¢ and d- of Fig. 2 are generated by the
drive source 50. The drive source 50 may be any con-
ventional source arranged to apply the various drive sig-
nials used in operating the system of Flg 1. For exam-
ple, a counter-type timing generator using multivibrator
cxrcmts may be used.” For convenience of operatxon it
is assumed that the comparator circuit 10 is driven by
squaré-wave pulses having a repetition rate of 100 ke.
The comparator 10 drive pulses are indicated by the posi-
tive pulses 270 and 172 of line a of Fig. 2. In the ab-
sence of a net D.C. bias applied to the cores of the
comparator 10, the square wave-drive pulses do not pro-
duce any 200 kc. output signals on the comparator out-
put lead 21. -This condition occurs when the memory
system has reached a stabilized condition wherein the
feedback signal appearing on the feedback line 46 is
equal in amplitude to the input signal appearing on the
input lead 12. When an unbalance between the input
and feedback signals occurs, a net D.C. bias is applied to
the comparator cores producing a 200 kc. output on the
comparator lead output 21. The selective frequency
filter 22 passes the 200 kc. signals from the comparator
10 and rejects signals on either side of the desired 200 ke.
signals. The 200 kc. signals of the filter 22 are ampli-
fied in the linear amplifier 24 and flow through the
primary winding 82 of the transformer 84 of the polarity
detector 26. A gating pulse is applied to the gating line
123 by the drive source 50 after each comparator drive
pulse, as indicated by the gating pulses 174 and 175 of
line d of Fig. 2. Thus the polarity detector circuit gating
is delayed one cycle in order to permit the new analog
information to be compared with the information previ-
ously stored in the memory 16. Each of the transistors
92 and 94 of the polarity detector 26 is normally non-
conductive. The polarity detector 26 gating pulses are
of relatively short duration to sample the output of the
filter circuit 22. The polarity detector gating pulses en-
able each of the transistors 92 and 94 at their emitter
electrodes. When a positive polarity error signal is ap-
plied to the primary winding 82 during the gating inter-
val, the upper transistor 92 becomes conductive to apply
a positive  output pulse to the polarity detector output
lead 28. When a negative polarity. signal is applied to the
primary winding 82 during the gating interval the lower
transistor 94 becomes conductive to apply a positive
output pulse on the polarity detector output lead 30. The
polarity detector output pulses pass through the normally
closed switch 32 to the setting control source 34.

At the start of an operation, the transfluxor cores 130
and 132 may be in their blocked condition. The ar-
rangement and operation of various types of transfluxors
is described in an article by J. A. Rajchman and A. W.
Lo, published in the March, 1955 Proceedings of the IRE
entitled, “The Transfluxor.” Briefly, a transfluxor is
blocked by a positive (conventional) current flow in the
blocking windings 139 or 143 of the cores 130 and 132.
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In the blocked condition, the flux in all portions of the
cores.is oriented in one sense, for example, the clockwise
sense with reference to the blocking apertures 140, 144.
In the. blocked condition, the drive signals applied to the
drive windings do not produce any appreciable flux
changes in the transfluxor cores and thus, no appreciable
output voltage in the output windings. The transfluxor
core 136 is changed from its blocked to its set condition
by a positive (conventional) current flowing in the set-
ting winding 142. Current flow in the. setting winding
142 produces a flux change in the middle leg 1.2 of the
core 13¢ from the initial clockwise to the counter-clock-
wise sense and a corresponding amount of flux change
in the other middle leg L3. Note that the current flow
in the setting winding 142 of the core 130 can not pro-
duce any permanent flux- change in the outside leg L1
adjacent the setting aperture 134. No flux change is
produced in the outside leg L1 because the flux is' al-
ready in the clockwise sense, the sense in which the set-
ting magnetizing force tends to change flux in the leg L1.
Thus, the maximum setting of the transfluxor core 130
corresponds to that produced by: changing all the flux
in the middle leg 1.2. If the maximum flux change in
the middle leg £2 corresponds to one unit, then the maxi-
mum: flux change in the other middle leg 12 and the
other outside leg 14 can only: be one unit. The trans-
fluxor core 130, however, has a plurality of discrete
set conditions between its maximum set condition and its
blocked condition. Each- different one of these discrete
set conditions cotresponds to 'a different analog input
signal greater in amplitude than a base reference. The
discrete set conditions of the other transfluxor 132 cor-
respond to different analog input signals below the base
reference.

Although the correspondence between the analog input
signals and the set conditions of the cores exists, it is not
an exact one-to-one correspondence between incremental
changes-in amplitude of the input signals and incremental
flux changes in the cores, in the absence of. the closed
feedback loop. For example, a given flux change Ag¢
may be required in the changing from one analog input
signal to the next 111gller analog signal; ‘while a flux change
Agl may be required in changing from. the higher to the
still next higher analog signal, where A¢ is not equal
to A¢l. However, because of the feedback. loop, the
desired one-to-one correspondence is established within
the accuracy of the feedback loop, which in the prasent
embodiment is 0.25% or better. v

Note that the current flowing in the setting winding 142
of the core 130 also flows in the blocking winding 143: of
the core 132. Thus, a setting current applied to the con-
trol source output lead 38 increases the setting of the
core 136 and decreases the setting of the core 132. The
setting current flowing in the setting winding 141 of the
corg 132 also flows in the blocking winding 139 of the
core 130, so that when the setting of the core 132 is
increased, the setting of the core 139 is decreased.

The drive source 58 applies alternating polarity drive
pulses at the 200 kc. repetition rate to the drive windings
146 and 147 of the transfluxor cores 130 and 132. The
transfluxor drive pulses are indicated in line » of Fig. 2
by the four cycles 176—179. The first negative polarity
drive pulse of a cycle reverses any set flux in the legs L3
and L4 of a transfluxor to the opposite sense. The posi-
tive polarity drive pulse of a cycle returns the reversed
flux back to the initial set sense. Bach time flux is re-
versed in the legs 1.3 and L4 of a core, an output volt-
age is induced in the output winding of the core. When
a greater amount of flux is reversed in the core 130, the
output.- signal appearing on the memory output line is in
phase with. the positive polarity drive pulse. When a
greater amount of flux is reversed in the core 132, the
memory output signal is 180° out of phase with the posi-
tive polarity drive signal. The amplitude of the memory
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output signal represents the - difference between the
amounts of flux changed in the two cores 130 and 132.

The synchronous detector 142 is gated during the posi-
tive polarity drive pulse of alternate ones of the trans-
fluxor drive cycles, as indicated by the positive pulses
180 and 181 of line ¢ of Fig. 2.

Each of the PNP type transistors 152 and 154 of the
synchronous detector 42 is normally in its non-conductive
condition. ' A positive pulse appearing on the memory
output line 40 causes the transistor 154 to be conductive
during the gating pulse applied to the gating line 161.
A negative pulse applied to the memory output lead 40
causes the transistor 152 to become conductive during
the gating pulse applied to the gating line 161. The cur-
rent flow in the emitter-collector path of the transistor
154 is in a direction to apply charge to the capacitors
164 and 165 of the filter circuit 162; and current flow in
the collector-emitter path of the transistor 152 is in a
direction to decrease the charge on the filtér capacitors
164 and 165. Thus the filter circuit 162 is made to
assume a D.C. potential corresponding to that of the
memory output line” 40 during each gating interval of
the synchronous detector 42. The output amplifier 44
amplifies the D.C. potential and causes a corresponding
D.C. current to flow in the feedback line 46. The feed-
back signal is then compared with the analog input signal
in the manner described to produce an error signal. The
polarity detector 26 then detects the error signal and ap-
plies an appropriate signal to the setting control source
34. The control source 34 amplifies and stretches the
gated output.pulses from the phase detector 26, as in-
dicated by the longer duration pulses 182 and 183 of line
e of Fig. 2. In practice, it is found that longer duration
setting pulses are desirable in setting the transfluxor cores
130 and 132 of the memory 16. Each setting pulse
changes the previous set conditions of the transfluxor
cores 130 and 132 in a direction to make the feedback
signal equal to the analog input signal. The process
continues in stepwise fashion until the feedback signal
is equal to the analog input signal. - At this time no
further output pulses are produced by the polarity de-
tector 26 due to the absence of the 200 ke. output from
the comparator 10 and no further setting pulses are ap-
plied to the transfluxor cores 130, 132. The memory 16
retains this set condition for an indefinitely long time.
Setting pulses are applied to the transfluxor cores during
alternate memory drive cycles in order to permit any
transient signals produced in the feedback loop to die out
before a new setting signal is applied.

The switch 32 coupling the polarity detector 26 to
the setting source 34, and the switch 74 coupling the
drive source 50 to the comparator 10 may be opened
once the analog input signal is stored in the memory 16.

In the memory system of Fig. 3, “n” separate analog
signals are stored in a memory 200. Similar elements to
those of Fig. 1 are identified by similar reference nu-
merals with the addition of a prime. The switch 74 of
Fig. 1 is replaced in Fig. 3 by a selective switch 202 hav-
ing a single input and “n” outputs, such as “n” position
stepping switch. -The arm of the stepping switch 262 is
connected to the drive source 50’. The switch 34 of
Fig. 1 is replaced with another selective switch having
a single input and “n” outputs, such as a stepping switch
204. For convenience of drawing, the stepping switch
204 is shown in simplified form as having a single bank.
In practice, two identical banks may be used with the
two arms respectively connected to the two output leads
28’ and 30’ of the polarity detector 26”. The “r” outputs
of the stepping switch 204 are connected to “n” setting
sources 34’. The outputs 36’ and 38" of the “#” setting
sources 34’ are used to control the setting of the “»” trans-
fluxor pairs 10 of the memory 26¢. An address control
unit 206 is used to operate both the selecting switches 202
and 204.

The operation of the system of Fig. 3 is similar to that
of Fig. 1. A desired one of the comparator units 10 is
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connected to receive drive pulses from the source 50" by
the address control unit 206. The analog output of the
converter 20’ may be applied to:'the first control wind-
ings 56, 58 of all the comparator units 1€. However,
only the desired comparator unit 10 provides output sig-
nals to the comparator output line 21’. * Any error signals
produced by the desired comparator unit 19 are applied -
to a corresponding one of the transfluxor memory units
16. The address control 206 selects the corresponding
memory unit 16. - The memory unit 16 cutput is fod back
on the connected feedback line 46’ to the selected com-
parator unit 10. g

If desired, a single setting source 34’ and a single
synchronous detector- 42’ also may be time-shared in
similar manner to the time-sharing of the polarity de-
tector 26’. ) C

The accuracy of the memory systems of the invention
can be further increased by compensating for so-called
“elastic” flux changes produced by the setting -signals.
Practical core materials do not exhibit the ideal rec-
tangular shape assumed for the hysteresis loops. There-
fore, a setting signal does produce some transient flux
change in a core due to the finite slope of the horizontal
portion of the hysteresis curve. This flux change is not
permanent as the core returns substantially to the same
remanent condition after the setting signal is removed:
Also, the amount of elastic flux produced by a given set-
ting signal depends somewhat on the past history of the
core excitation and on the core temperature.

An “elastic” flux compensating circuit- for a memory
16 is shown in Fig. 4. The compensating circuit 216
includes a pair of cores 222, 223 each made of the same
material as the transfluxors and each having a primary
winding 224, 225 and a secondary winding 226, 227.
The secondary windings 226, 227 have their dot termi-
nals connected to the outputs. 36, 38 respectively, of the
setting control source 34. The unmarked terminals of
the secondary windings 226, 227 are connected respec-
tively to the base electrodes of a pair of drive transistors
228, 229.. The primary windings 224, 225 have their dot
terminals .connected .to the collector electrodes of the
drive transistors 228, 229 and have their unmarked ter-
minals connected to the positive terminal 239 of a supply
source E5. The negative terminal 236 of the source E5
is connected to ground. The emitter electrodes of the
drive ‘transistors 228, 229 are connected respectively in
series with one setting and one blocking winding of the
transfluxor cores 130, 132 (Fig. 1) to ground. :

In operation, the thermal environment of the cores
222, 223 is the same as-that of the. transfluxor cores.
Thus, the effects on the “clastic” flux. are the same for the
cores 222, 223 and the transfluxor cores. - The secondary
windings 226, 227 are always pulsed in the same direction
to apply a positive base input signal to. the drive transis-
tors 228,-229. Thus, the core 222 is always driven to
saturation in the same direction by setting curreni fow
in its primary winding 224. - The current flow in the core
222 primary winding 224, thus is substantially. the same
as the current flow in the windings of the transfluzors.
The voltage induced across the core 222 primary winding
therefore is opposite-in polarity from, and of approxi-
mately the same amplitude as that produced-in the wind-
ings of the transfluxor cores as a result of the elastic flux
changes. Thus, the net voltage applied across the trans-
fluxor core windings produces only the desired permanent
flux changes. L

There have -been described -herein improved analog
storage systems using multi-apertured storage cores inter-
connected in a closed feedback loop. The feedback loop
operates to change the state of the storage core in incre-
mental fashion until the actual state of the storage core
closely . corresponds to the desired analog signal. - The
feedback loop may be multiplexed among a plurality of
storage cores for storing a plurality of different analog
signals.
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What is claimed is:

1. An analog storage system comprising a plurality of
transfluxor storage units, means for reading the informa-
tion stored in a desired one of said units and producing
a corresponding signal, comparing means having one in-
put coupled to receive said reading means signal and hav-
ing another input for receiving a signal corresponding to
information desired to be stored, said comparing means
providing an output signal when said compared signals
are unequal, and setting means responsive to said com-
paring means output signal, said units having analog set
conditions responsive to said setting means.

2. An analog storage system comprising a plurality of
transfluxor storage units, said units each having a plural-
ity of set conditions respectively corresponding to the
storage of different analog signals, means for reading the
information stored in a desired one of said storage units,
comparing means having first and second inpuis and an
output, means coupling said reading means to said com-
paring means first input, said comparing means receiving
information signals to be stored at said second input and
providing an output signal at said output upon inequality
between said compared information, setting means re-
sponsive to said comparing means output signal, and
means coupling said setting means to said desired storage
unit, said setting means operating to change said desired
" unit to the one of said set conditions corresponding to the
received information signals.

3. An analog storage unit comprising a plurality of
transfluxor units-each having a plurality of set conditions
respectively corresponding to the storage of a plurality
of analog signals, a plurality of seiting means each cou-
pled to a different one of said transfluxor units, a plural-
ity of reading means each coupled to a different one of
said transfluxor units, a comparing means having a first
input for receiving input analog signals to be stored, a
second input for receiving signals representing the stored
information in a desired one of said transfluxor units,
and an output for providing a signal upon. inequality
between said compared signals, and means selectively
coupling one of said setting means and one of said read-
ing meaus to a desired one of said transfluxor units. -

4. An analog storage system comprising a plurality of
transfiuxor storage units, a plurality of reading means
each coupled to a different one of said transfluxor units
for producing signals corresponding to the information
stored in said transfluxor units, comparing means having
a first input for receiving analog signals to be stored, and
a second input for receiving signals representing stored
analog signals, means coupling the said reading means
of a desired one of said transfluxor units to said compar-
ing means, said comparing means providing an output
signal upon inequality between said compared signals,
and setting means responsive to said comparing means
output signal, said units having analog set conditions re-
sponsive to said setting means.

5. An analog storage system comprising a plurality of
transfluxor storage units each having distinct set condi-
tions, a plurality of feedback lines each coupled to a dif-
ferent said transfluxor unit and each having signals in-
duced therein representing the set condition of that trans-
fluxor unit, a comparing means connected to said feed-
back lines and connected to receive an analog signal to
be stored, said comparing means comparing said signal
to be stored with any desired one of said induced signals
representing the stored information in the corresponding
one transfluxor unit, and setting means connected to said
comparing means, said setting means responsive to said
comparing means for changing the set condltlon of sald
" one transfluxor unit.

6. An analog storage system comprising a plurality of
transfluxor units each having distinct set conditions, a
plurality of feedback loops each having a normally open
and'a closed condition, any closed feedback loop includ-
ing a setting means for changing the set conditions of a-
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desired one of said transfluxor units, a reading means for
reading the information stored in said one transfluxor
unit, a comparing means for comparing said stored in-
formation with analog information desired to be stored,
said setting means being responsive to said comparing
means, and means for selectively closing one of said loops.

7. An analog storage system as claimed in claim 6,
said feedback loops being normally open between said
comparing means and said setting means.

8. An analog storage system comprising a transfluxor
storage unit, means for reading the information stored in
said unit and for producing a corresponding signal, com-
paring means having one input for receiving said reading
means signal and having another .input for receiving
analog information desired to be stored, said comparing
means providing an output signal when said compared
signals are unequal, and setting means responsive to said
comparing means output signal for changing the set con-
dition of said unit. ‘

9. A memory system comprising a multi-apertured core
of substantially rectangular hysteresis loop material, first
winding means linked to said core through one aperture
for setting the remanent flux in said core to different con-
ditions, second winding means linked to said core through
another of said apertures having signals induced therein
corresponding to the set response condition of said core, a
comparing means for comparing said induced signals with
signals desired to be stored in said core, and setting means
responsive to said comparing means for applying signals
to said first winding means for changing the response con-
dition of said core.

10. A memory system. comprising a multi-apertured
core of rectangular hysteresis loop material, setting, drive,
and output windings linked to said core, said setting wind-
ings operating to set the flux in the core portions adjacent
one of said apertures in desired senses with respect to
said one aperture, said drive and output windings being
linked to said core through said one aperture, drive sig-
nals applied to said drive winding producing output sig-
nals having an amplitude corresponding to the flux settings
in said core portions, a feedback loop including a com-
paring means, a setting means, and an output means con-

_nected between said setting windings and said output

winding, said comparing means having a first input for
receiving an input signal and a second input connected
to receive said output winding signals, said comparing
means providing an output signal representing the dif-
ference between said compared signals, said comparing
means output signal operating said setting means to apply
signals selectively to said setting windings to set .the
fiux in said core portions so that the said output winding
signals correspond to said input signal.

11.- A Inemory system comprising a signal comparing
means, a setting means, a multi-apertured core of substan-
tially rectangula1 hysteresis loop material, and an‘cutput
means in that order, said signal comparing means having
a first input for receiving a signal t6 be stored and a second
input for receiving a signal from said output means, and
having an output connected to said setting means, said
core having first and second windings linked through one
of said apertures and connected to receive energization

~ from said setting means, a drive and an cutput winding -

65

70

75

linked through another of said core apertures, drive sig-
nals applied to said drive winding inducing output signals
in said output winding in accordance with the flux con-
ditions in the portions of said coré material adjacent said -
other aperture, said output device being connected to re-
ceive said induced output signals and apply a corréspond-
ing signal to said comparing means, and said comparing
means producing a succession of output signals to suc-
cessively change the said flux conditions in said core por-
tions according to the comparison in said comparing
means.

No. references cited.



